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It has been suggested that the embedding into the soil of 
plants of the genus Lithops N.E.Br., could be an adaptation 
to protect the plants from supra-optimal temperatures 
caused by solar radiation. The temperature of a L. /esliei 
N.E.Br. plant growing in its natural habitat near Pretoria 
(Transvaal, Republic of South Africa) was determined and 
compared with the temperature of the surrounding soil. The 
plant's temperature was always found to be very close to 
the soil temperature at the same depth, as was established 
in earlier laboratory experiments. These field results do not 
support a suggested substantial heat exchange between 
plant and soil at deeper soil levels. 
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By die genus Lithops N.E.Br. kan die ingesinkte groeiwyse 
van die plante in die grond 'n aanpassing wees om die 
plante teen oorverhitting deur sonstraling te beskerm. Die 
temperatuur van 'n L. lesliei N.E.Br. plant is in sy natuurlike 
habitat naby Pretoria (Transvaal, Republiek van Suid-Afrika) 
bepaal om vas te stel of dit van die temperatuur van die 
omliggende grond verskil. Daar is vasgestel dat die plant se 
temperatuur altyd baie nou met die van die grond op 
dieselfde diepte ooreenstem, soos wat inderdaad vroeer in 
laboratoriumproewe bevind is. Hierdie resultate ondersteun 
nie die stelling dat aansienlike hitte-uitruiling tussen die 
plant en die dieper grondlae voorkom nie. 
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Introduction 
Species of the genus Lithops N.E.Br. have a very short stem 
with one or more coalescent leaves. The whole plant is sunken 
into the soil so that only the tops of the cone-shaped leaves 
are at the soil surface and are exposed to the atmospheric 
conditions of the environment (Figure 1). This embedding of 
the plant into the soil is considered to be an adaptation to 
hot, dry habitats (Marloth 1909; Nel1947; Vogel 1955). The 
plants grow on more or less open spots with only little shading 
from pebbles or other plants in the surroundings. 
Marloth (1909) suggested that plants like Lithops are 
protected from high temperatures resulting from high radia-
tion input, by this embedding in the soil. On the other hand, 
the embedded habit could be an adaptation which reduces 
transpiration as has been shown by Eller and Ruess (1982) 
and could prevent mechanical damage due to browsing and 
trampling by ungulates. The reduced transpiration rate could, 
however, be expected to result in higher temperatures being 
attained on clear summer days, despite the lateral shading of 
the plant by the surrounding soil. 
Detailed investigations on the diurnal course of the temp-
eratures in and around plants of Lithops lesliei N.E.Br. and 
Lithops turbiniformis (Haw.) N.E.Br. were made by Eller & 
Nipkow (1983) under controlled conditions in the laboratory, 
Figure 1 Lithops /esliei N.E.Br. in its natural habitat. The plant in 
the lower left corner (arrow) was used for the measurements. 
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with an experimental arrangement that allowed the simulation 
of a high radiation input during the day and a net radiation 
loss at night. They showed that during the day the soil surface 
temperature was higher than the temperature of the leaf top, 
but that the tissue temperatures lower down were higher than 
for the soil at the same depth. During the night, the soil had 
a higher temperature than the plant tissue at the same depth. 
The measured temperature differences led to the conclusion 
that during the day a heat flux from the plant to the surround-
ing soil may occur whereas during clear and cool nights the 
flux would be reversed in direction. 
To verify these findings on naturally-growing plants of the 
genus Lithops under the radiation conditions of their partic-
ular habitat, measurements were made on Lithops lesliei 
N.E.Br. 
Materials and Methods 
Measurements were made with a Lithops lesliei plant of a 
naturally growing population of that species in the Loskop 
region near Pretoria, Transvaal, Republic of South Africa, 
during mid-summer (November). Figure I gives an impression 
of the plant used for the measurement in its habitat, together 
with some details of the experimental arrangement. The soil 
is derived from a red shale. 
Soil and plant temperatures were measured with copper I 
copper-nickel (constantan) thermocouples with wire diameters 
of 0,05 or 0,07 mm. The reference junction was soldered into 
a small brass cylinder which also contained a platinum resis-
tance thermometer. The brass cylinder was positioned in a 
Dewar flask that contained water. The water temperature and 
thus the junction temperature approximated the ambient air 
temperature. The temperature of the reference junction was 
monitored via the platinum resistance thermometer (selected 
for a precision of 115 of the error according DIN 43 760) 
and a high accuracy temperature readout (AN2576, Analogic, 
Wakefield, USA). Thermocouples were switched via mercury-
wetted reed relays to a thermocouple amplifier (Debrunner-
Walz AG, Ebmatingen, Switzerland) and monitored by a 
digital voltmeter. Laboratory checks made at temperature 
conditions similar to those in the field experiments confirmed 
an inaccuracy of 0,2 K for this measuring equipment. 
To insert the thermocouples into the plant and the soil, a 
small sample of the soil adjacent to the plant was carefully 
removed. The thermocouples were inserted 3 mm deep into 
the plant at I,5; 5 and I5 mm soil depth. To get reliable data 
of soil temperatures it was necessary to insert the thermo-
couples into an undisturbed part of the soil. Small holes were 
consequently made into the soil from the small pit that had 
been made close to the plant and the thermocouple needles 
were inserted tightly into the soil at 5 and I5 mm depth, 5 mm 
from the plant. The pit was then carefully filled up with soil 
again. Care was taken to place the thermocouple wires at the 
same depths as their sensors for about 50 mm, to minimize 
errors arising from heat conduction through the wires. 
True soil and leaf surface temperatures were measured with 
an infrared radiation thermometer with a detecting area of 
4 mm in diameter (KT I6L, Heimann, Wiesbaden, FRG). 
Ambient air temperature and wet bulb temperature were 
measured with an aspiration psychrometer (Haenni, Jegens-
dorf, Switzerland), 200 mm above the soil surface at a distance 
of I m from the investigated plant. The water vapour 
pressure deficit and the dew point temperature of the air were 
calculated from this data. Wind velocity was measured by 
means of a hot wire anemometer (Fuess, Berlin, FRG), 50 mm 
above the plant. The sensors of the anemometer and the 
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infrared thermometer were positioned above the plant only 
for the short time that it was necessary to take readings. 
Between measurements they were rotated to a position 0,5 m 
from the plant to avoid interference with the microclimate 
of the plant. 
The global radiation G was measured with a solarimeter 
(CM 5, Kipp & Zonen, Delft, NL) and the total radiation 
R (global radiation and longwave atmospheric thermal reradia-
tion) with a pyrradiometer (PO I - QK, Observatorium, 
Davos, Switzerland). The atmospheric reradiation Ratm is then 
Ratm = Rwt - G 
Net thermal radiation loss Rnet was calculated by means of 
the expression 
Rnet = Ratm - RL 
where RL is the thermal radiation of the plant's surface 
oc 
dew point temperature 
0~--------------------------------~ 4 
kPa 
3 
2 
water vapour 
pressure deficit 
0~-----------------------------------i 
m s -, 
0.5 ....... 
.. 
wind velocity 
. 
... 
. 
. .. 
. 
0~--------------------~------------~ wm-• 1000 
diffuse skylight 
500 
global radiation 
500 
-200 thermal net radiation 
8 12 18 0 6 
LOCAL TIME (h) 
" 30 
20 
10 
Figure 2 Environmental conditions during the measurements on 
Lithops lesliei N.E.Br. in its natural habitat near Pretoria (Tvl. Republic 
of South Africa). Diffuse skylight in O?o of global radiation. 
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according to the Stefan-Boltzmann law. An emissivity of 0,96 
was taken for the plant and the soil (Van Wijk & Scholte 
Ubing 1966; Wong & Blevin 1967). Diffuse sky light was 
measured by shading the solarimeter with a black disk. All 
measurements were taken every 20 min during the day and 
every hour during the night. After some preliminary experi-
ments, a day with a clear sky was chosen to make measure-
ments over a period of 25 h. 
Results and Discussion 
In Figure 2 the data of the environmental conditions during 
the experiment are given. As can be seen from the curve of 
the global radiation the sky was, with the exception of a little 
haze between 10h00 and llh30, clear throughout the day. The 
night was also clear. The soil was dry as it had not rained 
for some days despite the fact that it was the rainy season. 
The values for the wind velocity are based on determinations 
of mean values during 1 min. High irradiation during the day 
and the cooling by net radiation loss during the night caused 
air turbulences with wind speeds varying from zero to about 
1 m s- 1 over short time intervals. These high air turbulences 
prevented air temperature measurements close to the plant 
surface with unventilated thermocouples. Since a ventilated 
temperature sensor like an aspiration psychrometer would 
have influenced plant temperature measurements it was 
decided to measure air temperature at 0,2 m above the soil 
surface. Therefore the given air temperatures must be con-
sidered ambient air temperatures above the vegetation cover 
and not boundary layer temperatures at the plant or soil 
surfaces. Around noon a slight wind arose which also brought 
in dryer air as can be seen from the sudden drop of the dew 
point temperature (Figure 2). 
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Figure 3 shows the daily course of the plant temperatures. 
These results confirm the findings of Eller & Nipkow (1983). 
At a depth of 15 mm the temperature of the leaf tissue 
increased up to 5 K above the temperature of the adjacent soil. 
During the night the net radiation loss of about 100 W m- 2 
caused a steady decline of the plant temperatures. After 20 h 
the temperature of the uppermost leaf tissues fell below 
ambient air temperature measured 0,2 m above the soil 
surface. 
The course of the surface temperature of the leaf top during 
the day is very informative. After a steady increase, con-
comitant with the increase in irradiance until about llhOO, 
the surface temperature of the leaf top remained at a constant 
value until 12h40. This sudden break in the steady increase 
of surface temperature at about 11h00 could not result from 
changes in environmental parameters favouring lower plant 
temperatures because firstly, global irradiance as well as 
ambient air temperature rose further. Secondly, the increase 
in tissue temperatures at 1,5 and 5 mm below surface was 
only little attenuated and tissue temperatures even exceeded 
the surface temperature for a while after 12h00. Thirdly, the 
soil surface temperature (Figure 4) rose concomitantly with 
solar radiation and air temperature. Fourthly, the surface 
temperature remained extraordinarily constant and unaffected 
by fluctuation in the ambient air temperature between 11h00 
and 12h40. A measuring error must be excluded since the soil 
surface temperature was monitored with the same sensor 
which continued to record soil temperatures that can be 
expected from varying environmental conditions (Figures 2 
& 4). Transpirational cooling is the only mechanism that can 
account for this phenomenon. 
It has been demonstrated by Schmucker (1931) with plants 
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Figure 3 Diurnal course of the temperatures in a plant of Lithops lesliei N.E.Br. in its natural habitat. Shown are upper plant surface temperature, 
temperatures at different depths below soil surface inside the leaf, and ambient air temperature. 
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of the genus Fenestraria N.E.Br. (with similar growth form 
as plants of the genus Lithops) and by Eller and Ruess (1982) 
for Lithops plants, that the bulk of the transpiration occurs 
at the so called window at the top of the leaf. Field investiga-
tions by Lange (1962), Lange & Lange (1963), Smith (1978) 
and Eller & Grobbelaar (1982) have shown that transpiration 
is important in controlling the leaf temperatures of plants 
growing in habitats with higher air temperatures and high 
radiation energy inputs. That stomatal opening can occur 
suddenly and at very distinct but sublethal temperatures has 
been demonstrated by Gates et a/. (1964) and Brunner & Eller 
(1974). Tissue temperatures of more than 45°C must be 
considered unfavourable with respect to the physiology of 
plants even if the plants are well adapted to high temperatures. 
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Figure 4 Comparisons of temperatures of Lithops /es/iei and soil 
temperatures at soil surface and at different depths below the soil 
surface. 
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In the present study, Lithops lesliei apparently controlled leaf 
surface temperature after 11h00 by a pronounced enhance-
ment of transpiration which stabilized the plant's ' leaf body' 
temperature below a critical value for the survival of the 
plants. This mechanism should function well until the water 
reserves have dwindled to a critical level for the plant and/ or 
further changes in environmental parameters affect the control 
mechanism of the plant. The decrease in the dew point 
temperature and the higher air turbulence around noon in-
creased the evaporative demand (Figure 2) and must have 
enhanced the transpiration rate. Moreover succulents tend to 
avoid daily changes in leaf water content that are higher than 
lOOJo of the leaf water (Von Willert eta/. 1984). Water Joss 
by the plant is only avoidable by closing the stomata. A 
reduction or complete cessation of energy dispersal by trans-
piration must result in an increase of leaf temperature (Lange 
1962; Eller & Grobbelaar 1982). In fact, after noon the surface 
temperature of the Lithops plant was markedly higher than 
before and showed fluctuations similar to those of the soil 
surface temperature (Figure 4). 
In Figure 4, the temperature of the plant's tissue and the 
surrounding soil at the same depth are compared. During the 
day the surface temperature of the soil was higher than the 
surface temperature of the plant, whereas at greater depths, 
the temperature difference was reversed - the plant tissues 
being warmer than the soil. The present results confirm the 
measurements of Herzog (1938) and Eller & Nipkow (1983) 
obtained from experiments under artificial conditions. These 
temperature patterns are the consequence of differences in 
absorbance, different depths of light penetration into the plant 
tissues and the soil, and differences in the heat conductivities 
of the soil and the plant respectively. The soil absorbs radia-
tion in its uppermost layer and because of low conductivity 
the heat penetrates only slowly into deeper layers. The exposed 
leaf surface of the plant is nearly free of pigmentation and 
most of the solar radiation penetrates deep into the colourless 
water storage tissue (Schmucker 1931; Seybold 1955 and 
unpublished data by the senior author). The water storage 
tissue absorbs mainly infrared radiation whereas the visible 
radiation is absorbed by the assimilatory tissue adjacent to 
the cone mantle. 
During the night net radiation Joss (Figure 2) causes the 
surface of both the plant and the soil to cool down. After 
21h00 both surface temperatures drop below ambient air 
temperature. Assuming that the emissivity for thermal radia-
tion for the soil and the plant is of the same magnitude, then 
an almost equal energy loss must occur from both surfaces. 
In their laboratory experiments, Eller & Nipkow (1983) found 
the surface temperatures of Lithops lesliei during the night 
to be slightly higher (0,5 to 1 K) than that of the soil surface 
but in our results the soil surface was found to be warmer 
than the plant. The inverse temperature differences could be 
due to differences in the soil structures involved. The soil in 
which the pot-plants grew had a looser surface structure than 
the soil in which the field plants were nestled. In addition the 
inaccuracies of the measuring equipment and errors introduced 
by the experimental arrangement (e.g. heat conducting thermo-
couple wires, disturbance of the soil and the plant by insertion 
of the thermocouples) precludes a reliable interpretation of 
the temperature difference smaller than approximately 0,5 K. 
Even if we consider the measured small night-time temperature 
differences (0,5 to 1,5 K) existing between soil and plant at 
the same depth, such small gradients can hardly be of import-
ance to cause, during the night, an influx of heat from the 
soil to the plant. 
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During the day with the high energy input by absorbed solar 
radiation, the temperature differences between plant and soil 
at 15 mm depth reached the maximum. At 14h30 the plant 
tissue temperature was 5,1 K higher than the soil temperature. 
This difference is considerably larger than during the night 
and inversed in direction (Figure 4). As a consequence of the 
higher irradiation in the habitat, the differences were also 
higher than those reported by Eller & Nipkow (1983) from 
their laboratory experiments. Temperature differences of that 
magnitude could favour a heat flux from the warmer plant 
to the cooler soil as proposed by Eller & Nipkow (1983). 
However, the consistently higher leaf temperature relative to 
the soil indicates that if heat transfer does occur, it is in-
adequate to dissipate the additional energy load on the plant 
due to its higher absorption of radiation. We must suppose 
that the heat conduction between plant and soil is very low 
due to the insulating effect of the thin sheath of old leaf 
remains surrounding the leaf cone of a Lit hops lesliei growing 
undisturbed in its habitat. 
Conclusions 
From our results and the findings of Eller & Nipkow (1983) 
we must deduce that temperatures of Lithops species generally 
follow the course of environmental parameters and that plant 
temperatures do not deviate much from those of the surround-
ing soil. The surface temperature may differ from that of the 
soil if the convective energy transfer from the plant surface 
is different from that of the soil (e.g. if the plant protrudes 
a few mm out of the soil) or the plant dissipates energy 
through transpiration. During the night net radiation loss leads 
to a nearly identical cooling of both the plant and the soil 
surface. 
The embedding of a plant of the genus Lithops and certain-
ly of other plants of a similar growth form cannot be consider-
ed to be an adaptation to prevent such plants from attaining 
temperatures as high as that of the soil. On the contrary, 
during the day the water storage tissue of Lithops species gets 
even warmer than the soil at the same depth. Our field 
measurements support the opinion of Eller & Ruess (1982) 
and Eller & Nipkow (1983) that the physiology of a Lithops 
plant may benefit from an embedding into the soil, mainly 
by limiting transpirational water loss to the upper surface of 
the leaves. Moreover, the embedding might play a far more 
important role as a mechanism to protect the plant from 
browsing and trampling by larger herbivores. This protection 
is further improved by cryptic colouration of the surface 
(Marloth 1905, 1929; Cole 1979). 
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